



MITSUBISH! SOUND PROCESSOR ICs 


M50423FP 
CD PLAYER DIGITAL SIGNAL PROCESSOR 


DESCRIPTION 
The MS50423FP is a CMOS IC developed for compact disc (CD) sound reproducing 
applications. It has adjustment-free PLL, error correction circuitry, etc. and is used in a CD 


digital signal processing section. Applications include also CD-ROM and CD-G, as well as 
CD-DA. 


FEATURES 

Adjustment free EFM-PLL circuit (built-in VCO) 

M+8 frames jitter margin 

Wi Easy-to-handle CLV servo commands 

W@ Subcode parallel/ serial interface 

Wi Selection available from 2 times and 4 times over sampling 
WM 18/20bit output available (with 4 times oversampling) 
HM Dual DAC output available (with 4 times oversampling) 





RECOMMENDED OPERATING CONDITIONS Outline 80P6-B 
Supply voltage rangers rrstrsresssrteeees Voo = 4.5~5.5V 0.8mm pitch OFP 
Rated supply voltage PeTrTrTrrrrrrrr rrr Terre ere re Sere eT ese reer) Voo = BV (20.0mm x 14.0mm “ 2.15mm) 


Rated power dissipation PPP PTT TeTTETTELTTTITTTITe reer eee SOmWw 


M50423FP 


OPTICAL D/A 
PICK-UP | INTERFACE 


PICK-UP 
SERVO 
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PIN CONFIGURATION 
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Outline 8OP6-B 


NC: NO CONNECTION 
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IC INTERNAL BLOCK DIAGRAM 
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PIN DESCRIPTION 
| Name [1/0] Function 
EMP | 0 | Emphasis flag output. Emphasis=1 
|PWM:_| © | Disc motor driving PWM output 1.- 
| PWM2_| 0 | Disc motor driving PWM output 2. + | 
| DOTX | O | Output of digital interface 
| ACRCY | I [Clock accuracy input 
TEST | 1 | Test control input.Normal=O 

BSEL| | | Data bit select 18bit=1 
DASELi| | | DAC interface format select 1 


DASEL2 
DASEL3 
DASEL4 


icrocomputer interface data latch clock 
/0 


ock status/Disc rotation down signal 
output 

Frame lock status output. Lock = 1 

Voo for data slicer and VCO 

Disc rotation down signal output. 

EFM frame clock output duty + 50% 
Interrupt output of subcode QO 

ubcode Q register output 

ubcode Q register 

ubcode sync output. So + 3: 

ubcode Q CRC check flag output. 
ROCK = 1 

Shift clock input for serial subcode data 
output 

Ground. OV 

Enable input of subcode T~Wch output. 
0: High Z 

Enable input of subcode P~Sch output. 


O;LILIS|S|/SI= 


TLC 
LPF 


yp) LL) a> |< 
au 
oe) 


OF 
a8 
ae as 
™~ 
rr 


a 





ras 


ras 


Vss2 





SCOEI 


0} oO jnlalvalalmlol<|m 
8] 3 |8/SIS/Sins/8 |S 
A | nm [DOBISIA [le 


O: High Z 
|spcw | 0 | Subcode Weh output 
| SBCV_| 0 | Subcode Vch output 
| SBCU | O | Subcode Uch output 
|-SBcT_ | O | Subcode Tch output 
secs | O | Subcode Sch output 
[secR_ | 0 [Subcode Reh outout 












Subcode Qch output 


Subcode Pch output. 
Pch~Weh serial data output 





SBC 


RDB? 
[Nc [ - [NO CONNECTION 


Column address strobe signal output to 
RAM 


Data input/output 3 to RAM 
| WE | (O | Write enable output to RAM 


NO CONNECTION 

Address output 1 to RAM 
Address output 2 to RAM 
Address output 3 to RAM 
Address output 7 to RAM 
Address output 4 to RAM 

Address output 5 to RAM 
Address output 6 to RAM 
Address output 0 to RAM 

Error status 2, Error to be interpolated 
detected at C2 

Error status 1, Error detected at Cl 
Power supply 5V 


Zz | “a 
oe) w 





ba 


4 


RADs 
Do 


© <(|M™) m™ we) a 
= 


DOFK OSC frame clock output. 7. 35kHz, duty=50% 
FSCK Clock output 44.1kHz (fs) 
6 Clock output. 8 4672MHz 
Clock output. 4 2336MHz 
CI6MI \/ 2 divider input with internal feedback 
resistor 
1/2 divider output 
Crystal oscillator input with internal 
feedback resistor 
Crystal oscillator output 
DOr | Dual DAC Reh serial data output 
| | Ground OV 
Data shift clock to DAC 
Leh/Reh clock to DAC or APTL clock 
|DO2 Dual DAC Lch serial data output 
Word clock to DAC or APTL clock 
Leh/Reh clock 
DAC sampling clock Leh 
DAC sampling clock Reh 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 












Uniit 
| Voo-Vss | Supply voltage | BRE TO OV 
Ve | Pull up voltage eV HAMAR RE TV 
| Topr___| Operating temperature | 10 HO 
| Storage temperature | TON I 
Power_dissipation ey ee ef a 





RECOMMENDED OPERATING CONDITIONS 


Supply voltage 





fee eee 
Highlevel_input_voltage _1 ote es 
| Vie | High-level input voltage 200 | 
| Vir __| Lowlevel_input voltage 1 | 
| Viz | Lowdevel input voltage 200 | Cd 
|fosc__| Oscillation frequency (Xtal) | 


Note 1. Applied pin 
1) DASEL1~DASEL4, ACRCY, DOBSEL, TEST 
2) HFO, SCOE1, SCOE2, SCCK, MSD, MCK, MLA, ACLR, RDB!1~RDBa, SORCK 
















ELECTRICAL CHARACTERISTICS (Ta = 25°, Vop = 5V, unless otherwise noted) 


ke Applied| Test its 
Symbol Parameter Test conditions eee 




























| Min _| 

| Voo__| Supply voltage dT Te =-10~+70T =| dT ot Cf 48 | SOT 55 TC” 

Circuit control vi = 8.4672MHz 2 18 mA 

vco = 8.6436MHz 

| Von | Hightevel output voltage | Vo =4.5V, lon=-0.8mA | 3) | 3 | 35 | - | - | Vv | 
| Vo. | Lowlevel output voltage | Vou =4.5V, lu=0.8mA | 3) | 3 | - | - | O47 Vv’ 
jt | Hightevel_intput current | VH= 45V0 CT 4) SOT 4 [| - UT | UT A 
ftw | Low-level _intout current | Wu =O5V—“‘é‘L:C#Y):C*dT=C(‘wACSsTsC |S OT 2 Tg | 
VoH= 4.5V Oe Be se 
Off state lowlevel output current [| Vo=05V sf 5) [ 5 [| - [ - [| -2 | ya, 
eee Wire 10V == 80 i 
See axes Mera25v TY 8 | 8 | OS | ee 
pMrr=40V0— CT CUE UL HT KT KT 


Note 2. Apphed pin 
3) Output and input/output pin except Xo, TLC, LPF 
4) {nput pin except Xi, C1I6MI, IREF 
5) RDBi~RDB4, SBCP~SBCW 





MITSUBISHI SOUND PROCESSOR ICs 


M50423FP 


CD PLAYER DIGITAL SIGNAL PROCESSOR 





TEST CIRCUIT 


EFM 


sana 


IOH_ or IOL 


ae 


IH oor liL 


VIH_ or VIL 


loZH or ioz 


TESTED fvco 
: PIN ~ (FREQUENCY) 
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FUNCTIONAL DESCRIPTION 
1. Data slicIng/PLL 
The M50423FP has an analog front-end for incoming HF 
(EFM) signal. Using CMOS-Analog technology, the front-end 
comprises an automatic slice level control circuit and EFM- 
PLL circuit with internal adjust-free VCO. The block-diagram 
shows the analog front-end. The HF signal is sliced by the 
HF comparator and a DC level is feed back from TLC to 
HF through the external CR. If HFD goes High because of 
a defect an disc, then TLC time off and holds the DC level. 
EFM-PLL extracts the EFM clock signal from the HF signal. 
The PLL circuit has a phase/frequency comparator not provides 


BLOCK DIAGRAM (Data slicing/PLL) 







HF COMPARATOR 


HF SIGNAL o}+{ ) 
" |) 


F 





CURRENT TLC 
SOURCE LPF 
CONTROL VCO 








3 TIMER 
HF COMPARATOR 
TIMER 


EFM DATA 


the M50423FP with a wide capture/lock range. There is no 
need to adjust the VCO. LPF is the charge-pump output and 
Same-time control voltage input to the VCO. LPF turns off 
when HFD goes High. 

IREF is the reference current input used to determine the 
current of charge pumps TLC and LPF, operating point of 
HF comparator, and VCO free running frequency. If IREF is 
connected to a noisy power supply through a resistor, VCO 
is modulated and the error-rate increases. Therefore, power 
supply noise at IREF must be held to a minimum. 


=e 
ae 


TLC LPF 










LOW FREQ 
LIMITTER 


DET. i 


EFM CLOCK 


SYNC. PROTECTION 





to EFM DEMODULATOR BLOCK 
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(1) Automatic slice level control 


HF signal Go ---{ 


C1 







M50423FP 


tT 


The slice level control circuit is formed by connecting a 
resistor and capacitors to the HF (High-Frequency signal 
input) and TLC (slice level contro! oputput) pins. 


Ci : 0.0022 wF 

C2: 0.022 uF 
R:33kQ 

Vin: HFO.SVP-P Min 


(2) PLL R3 


EST2 


LPF 450423FP 





Ci : 470pF 
C2: 0.15 uF 
C3: 1 nF 
Ri: 2.2k0 
R2: 2.2M Q 
R3:1kQ 
Since the adjustment-free VCO is built in, the adjustment-free 
PLL circuit can be formed by connecting a resistor and 


capacitors to the LPF (low-pass filter) pin. 


(3) Reference current 
5V 


IREF M50423FP 


R: 120k Q 


A resistor must be connected between the IREF pin and 
Vpo in order to set the reference current used in determining 
the current values of the TLC pin and LPF pin, the 
comparator operating current of the slice level control circuit, 
and the VCO free-run frequency. 


2. Demodulation/Decoding 

The EFM signal converted to logic level and the EFM clock 
extracted from the EFM signal are input to the demodulator 
and decoder block. The EFM demodulator must be 
synchronized to the EFM clock. The decoder uses the clock 
from the X'tal oscillator. Jitter between the EFM signal and 
output of the decoder is absorbed by external RAM. 

(1) Clock generator 


M50423FP 


XO Xi 


TT 


(a) The oscillation circuit can be formed by connecting a 
X'tal oscillator (8.4672MHz) and load capacitors to pins Xi 
and Xo. 





X'tal : 8.4672MHz 
C1 : 30pF 
C2 : 30pF 


M50423FP 


xl 





8.4672kHz Vin > 1VP—P 


(6b) When the system contains a clock (8.4672MHz), the 
clock can be input to pin Xi via a capacitor without using 
the X’tal oscillator. 


If the input signal is logic level, the capacitor is not 
necessary 


M50423FP 


C8MO 
C16MI XI 





1000pF 
i 16.9344MHz Vin > 1VP-P 


(c) When the system contains a clock (8.4672 x 2 = 16. 
9344MHz), the internal 1/2 divider can be used by 
connecting pin X1 to pin C8MO and inputting the clock ta 
pin C16MI via a capacitor. 

The 1/2 divider between C16M! and C8MO can be used 
for any purpose, independent of other functions. 
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(2) Frame Synchronization 

EFM demodulating is done by Programmable Logic Array 
conversion table. The demodulator must be synchronized to 
EFM signal for each frame. The frame sync protection circuit 


EFM— SYMBOL 


23 BIT S/R 


holds the synchronization and prevents false synchronization 
of the demodulator when bit-slipping or missynchronization 
occurs. 


EFM TIMING GENERATOR 


WINDOW 
GENERATOR 
LOCK 
STATE 


SYNC. 
SYNC. CONTROL DET. 
WINDOW 


ASYNC. FRAME 
COUNTER 





Fig. 1 Frame synchronization block diagram 


The generating condition of the counter reset signal 
(Reset) in the EFM timing generator is indicated as follows: 
Reset = (Syne * Tfs) + (Syne * Window) 
* ; Logical product 

+ : Logical sum 

Sync : Synchronizing signal 

Tfs : Detection signal of synchronizing signal 

space = 588 

Window : Window signal + 7ck 

In the synchronous state, sync and Tfs_ generate 
simultaneously and sync comes to the center of the window. 
At this time, 1 1s output to the SYCLK pin. 

Frame sync status is output to SYCLK pin. 

The SYCLK output includes some bounce even when the 
sync pattern is lost because of a defect an the disc. Hence, 
there is a need for debouncing the sync status signal for 
it to be monitored by the system control microcomputer. 

Debouncing is in the M50423FP by monitoring the frame 
sync status at 1/16 EFM frame clock intervals and then 
outputting the result to the LOCK/DRD pin, If the monitored 
status is locked then output is High. Eight continuous 
unlocked outputs becomes Low. 


() 
PLL CONTROL SYCLK 


LOCK/ORD pin outputs DRD signal (see Sec. 3) when the 
discmotor is braking by the command from microcomputer. 
The following pages contain the block diagram and the 
Output timing. 











EFM CKo DRD 


OSC CKO 


INTERFACE BRAKE 
REGISTER TO MICROCOMPUTER 
1/16 EFFK y LOCK/DRD 


2/3 
SYNC. STATE ~T DRD | 
LOCK / 
DRD 
BRAKE 
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(3) Subcode demodulation 

Among data converted from 14-bits EFM signal to 8-bit 
symbols, subcodes P, Q, R, S, T, U, V and W are output 
to pins SBCP-SPCW respectively. When the subcode 
synchronizing patterns So or Si is detected as synchronizing 
signal of subcode data, the synchronizing signals are output 
to the SCOR pin. 

Pins SBCP-SBCW are a Three-State output system 
controlled by pins, SCOE1 and SCOE2 as shown in the table 
below. 

A CRC check is made for the Q channel data, and if the 
data is correct, a 1 is output to the CRCF pin. The EMP pin 
displays whether or not emphasis is present. The subcode 
data is not only output in parallel, but also can be obtained 
serially via SBCP, by inputting a clock to SCCK. 

Subcode output timing are shown Fig. 2. 





SUBCODE DEMODULATION 


|SCOE1 | SCOE2 |SBCP|SBCO|SBCR|SBCS|SBCT|SBCR|SBCV/SBCW 
| O | 0 | — High-impedance High-impedance 
Pitot P{[atRI{ S$ | __Highimpedance | 
| O | 1 | Highimpedance {| T | UT V | W_ 
it Rey Oo RS. vw 
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SCOR X VALID 


SBCP~W ! VALID 


(Note 4) 


EFFK | | | | | | | | | | | 


| 


97 98 1{So) 2(S1) 3 4 


SBcP ~ ep KoKRRSXTXKU KV XW (Note 5) 
1 
! 
EFFK | ! 
f 


' ! 
1 44t 


Note 3. Subcode block No. in the EFM data 
4. t: Oscillating frequency (VCO) 
(typically : 1/8.6436MHz = 115.7ns.) 
5. When input frequency to SCCK is more than 8ck, SBCP becomes 0. 


Fig. 2 Subcode output timing 
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(a) Symbol data/flag, read/write timing 


T = 1/8.4672MHz 
| | = 118.1ns 


{ J 
J 
Co DATA 1 DATA 2 WRITE DATA 


J 

} | 

| J 

1 | 
I 


DATA 1 DATA 2 READ DATA 


(b) C1/C2 flag, read/write timing 


RAQD0~7 ROW COLUMN 


td DATA WRITE DATA 
l 
l 

DATA READ DATA 


RDBi~4 


Fig. 3 RAM Interface timing 
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(4) Subcode Q register 
Subcode Q-channel data are output to SBCQ pin. 

The M50423FP stores the Q data in an 80-bit shift 
register and if CRC is OK, the system control microcomputer 
can access the Q data from the SBCQ pin by inputting the 
read-out clock to SQRCK pin. If the CRC check is OK, the 
M50423FP outputs the interrupt signal to the micro- 
computer from SCINT, synchronaized with SCOR (Subcode 
sync.) signal. 


Timing chart 


CRCF | | 
SCOR | | | | 








LSB<— MSB 





LSB<— MSB 


READ DATA < 10ms 
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(5) RAM interface/CIRC decoding 
A G4AK (4x 16K) /256K (4 x 64K) dynamic RAM is needed 
as the external memory for temporary storage to process 
CIRC decoding (C1 decoding, C2 decoding, unscramble and 
de-interleave) and output interpolation. 

By using a 64K /256K RAM, jitter is absorbed up to +8 
frames (max.). 

Fig. 3 shows the timing for reading from and writing to 
the RAM. 

Dowing CIRC decoding, double error correction is used for 
both C1 and C2 decoding. 


Timing chart 


When correction is not possible, average interpolation or 
pre-hold interpolation is perfomed. 

Error states which are detected during decoding are output 
to pins EST1 and ESTo2. 

When an error is detected by Cl decoding, 1 is output 
to pin EST1. When an error word is judged incorrectable by 
C2 decoding, a “1”is output to pin ESTo. 

The output timings for pins EST: and EST2 are as follows: 


ERROR DETECTED FRAME BY C1 DECODING 


WDCK | | | | | | | | | 
EST2 | | 


en te oe we 
—— = — 


| 


00 AAA AEE IEE 


INTERPOLATED WORD 


When, DASEL3 = 0 
DASEL4 = 1 
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3. Microcomputer interface 
CLV servo, MUTE, and ATT system are controlled by seria! 
commands from the microcomputer, 

The timing, names, and functions of each control register 
are as follows: 


Timing chart 
woe Ko Xe Ke Xe KeXe Xe 
MLA as 1 


©) DUMMY (Don't care) X 
@® S/SCSTART/STOP) register start = 1 
@ BCON(BRAKECONTROL) register enable = 1 
@ BRAK (BRAKE) register brake = 1 
@ ATT (ATTENUATE) register —12dB = 1 
© MUTE register muting = 0 
© S/S timer reset register reset = 1 
@® IC code M50423FP = 1 
t T 


MSD 





t min: 500ns 





© swarrcueisHi 
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Function of microcomputer Interface register 





(BRAKECONTROL) 


iC code 






Examples of system control are as follows: 












Register name 







S/S timer reset 





> 

= Vv 
Operation =1n S qieiE 

DIN /Olalel2 

Own!) ml] o| tis 

©} @ 









The following is example of the 
contro! sequence. 






O;O}O}1{o}1 

JFR/FR TL Oto iti [ott 
tfo}ofo}ifoti 

| 0.3sec. BRAKE>STOP]_ | 0/0 ]o;o{o[o]1 | 


* The blanks mean “Don't care”or that other commands can be 
used simultaneously 

* KICK period can be extenced by repetition of start procedure. 

* The software developed on the M50421P/M50422P can be 
utilized on the M50423FP (upward compatible). 
However, when using this software, the following functions on the 
M50423FP are not available : subcode Q-register, subcode 
Q-nterrupt signal LOCK/DRD output. 






S/S Controls START/STOP of the DISC MOTOR DISC MOTOR Ob 
(START/STOP) | disk motor STOP (OFF) START (ON) i 
Determines if BRAKE control BRAKE 0.3sec. BRAKE is controlled 
is necessary by BRAK register 
BRAK BRAKE OFF When 
Ez (BRAKE) Soe (MOTOR OFF) ones BCON = 1 
ATT (ATTENUATE) | Sets attenuation (- 12dB) OdB 
| © | MUTE 


Don't care 


QO by 
Resets the S/S timer which sets the : . : 
time of KICK and BRAKE to 0. 3sec S/S timer enable S/S timer disable 1 by L 
Distinguishes the command to 0 is code for 







2| a 


0 by ACL 






mM 
—_ 


— 12dB hen MUTE = 








When the M50423FP detects that the number of rotations 
is less than 2/3 that of the normal play state, it output the 
disc rotation deterioration signal to the DRD pin. 

By using this signal in the following stop sequence, the 
disc can be correctly stopped. 







Register name 






Operation or 
u-COM Operation 







(Measuring tonp (DRD: 0-1) after BRAKE start 
(Stop HFD checking and) additional BRAKE time 2 X torp 


LMOTOR OFF Co JoToloyoqy | 





The DRD signa! is output to both the DRD pin and aiso 
the LOCK/DRD pin during the braking period. 

In order to re-initiative the microcomputer interface register 
execute ACLR (M50423FP clear) immediately after turning 
the power on. 
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4. Digital filter 

The M50423FP converts the sampling frequency of audio 
data from 44.1kHz (fs) to 88.2kHz (2fs) or 176.4kHz (4fs) 
by an overflow limited, FIR linear-phase digital filter. 

Digital filter selection is done using pins DASEL1~DASELa. 
Tablel shows the digital filter and DAC interface mode. 
Digital filter pass mode with no interpolation of umcorrectable 
data is designed for non-audio applications such as CD-ROM 
or CD-1. The digital filter pass mode with interpolation is 
used external precision digital filter applications. 

Fig. 4 (a) shows the characteristics of the 2fs digital filter. 

Fig.4 (b) shows the characteristics of the 4fs digital filter. 


Gain (dB) 


10k 20k 30k 40k 50k 


frequency (Hz) 


Gain (Wide scale) (dB) 


frequency (Hz) 


Fig. 4 (a) Frequency characteristics 
of the digital filter 
(Sampling frequency 88.2kHz:2fs) 





5. D-A Converter Interface 
The M50423FP has many different DAC Interface formats. 
The desired format is selected using pins DASEL1~DASELa. 

Timing signals, data and clock automatically change to 
correspond to which digital filter, fs (pass) / 2fs/ 4fs, is 
chosen. 

if the 4fs digital filter mode is selected then the dual DAC 
mode and 18-bits data out mode are available. 

Table 1 shows the interface modes. 

Fig. 5 (a) ~Fig. 5 (e) show the timings if interface to DAC. 


ie an ea 
TAZ 
Ay 
es ee | 


Gain (dB) 


20k 40k 60k 80k 100k 


frequency (Hz) 


Gain (dB) 


20k 40k 60k 80k 100k 
frequency (Hz) 
Fig. 4 (b) Frequency characteristics 


of the digital filter 
(Sampling frequency 176.4kHz:4fs) 
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Table 1 DAC Interface modes 


DASEL DASEL 
1 2 





3 
egal 





DASEL DE MSB/LSB Tinino. “chart 
4 Tst 
ere 


2fs_ |  MSB ist | sd Fig. 5G) 






is _} _e 8) 

LSB ist 

| MSB ist [| Fig. 5 (o) 

| 2s | MSB ist | dT Fin. Se) 


iho 
= 
alee 





(a) Mode 1/2/7 


001 SBR RRUAURSASAIASRSASRSAZACR CMSB KKM MIMS KEXTXEXSKsXaX2XE) 


DSCK 


DLRCK 


DO2 
(LRCK) 


WOCK 


(b) Mode 3/4 


ESB AAAS AS REATR EAS AOAIA AAR SAM A LSB AAAS RSASREAT ASRS ON INIA Ym) 


t 
! 
! 
! 





Fig. 5 DAC interface timing chart 
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(c) Mode 5 
pOo1 TF MSB Rm ARISMI2MVIQIONO KCK RORORARSRZ ALR = MSB memo Sk ANI SNIZPIIPIONINER TROLLS K3 hz QL) 


DSCK 
LRCK | | t— 
DLRCK Ti” a | 3 
DO2 a 


(LRCK) | | | | 


WDCK ~| | | | | | 
APTL 1 4 TT 
L—ch R- ch 


(d) Mode 6 
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Fig. 5 DAC Interface timing chart 
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6. Digital interface output 
The M50423FP outputs digital interface signal conforming 


GEN. 
to EIAJ CP-340 or IEC formats. AUDIO DATA 
16 


The block diagram shows the digital interface and Fig. 6 
BIPHASE-] DOTX 
shows the timings. Channel status clack accuracy can handle MARK © 
variable pitch control and can be set using the ACRCY pin. MOD. 
The clock accuracy is level Il when ACRCY pin is Low, 
and level Itl when ACRCY pin is High. 
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Fig. 6 Timing 
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7. CLV servo control circult 

CLV servo contral circuit operates using two signals. The 
first is the frequency differance beween EFM-clock and X’tal 
-clock. The second is the phase difference beween write- 
frame address and read-frame address of the external 64K 
or 256K RAM. Motor control signals are output to PWM: (— 
signal) and PWMe2 (+ signal). 

Because these singals are internally phase compensated, 
the CLV servo control circuit can be easily composed using 
current drivers on pins PWM: and PWM2. 

Fig. 7 shows the CLV wave form and its duty cycle when 
the CIRC decoding block addressing write-frame address and 
the read-frame address exceeds + 8frames. 

When this occurs the duty cycle of the CLV waveforms 
will be reset to O. 

The disc motor can be driven by PWM waveforms directly 
or it can be driven by an analog signal that can be generated 
by integrating the PWM waveforms. 

By using an analog signal, it is possible to adjust the servo 
loop-gain by varying direct external component values. But 
in the case of PWM waveforms, the servo loop-gain is 
determined by motor torque, and the rotating moment of the 
disc, turntable, and disc clamper. 
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Fig. 7 CLV waveform 





